Increased blood pressure and left ventricular (LV) mass predict the onset of the clinically manifest hypertension, but little is known regarding the possible predictive value of LV function. The present study was designed to evaluate the association between echocardiographic LV long-axis systolic, and diastolic function and hypertension onset. We prospectively followed 244 normotensive adults with a family history of hypertension (HTN), with echocardiography for 7 years. M-mode derived atrioventricular plane displacement of the mitral and tricuspid annuli (MAVPD and TAVPD respectively), and LV circumferential fractional shortening were calculated. Diastolic function of the left and right ventricle were assessed using Doppler indices of the mitral and tricuspid inflow. During follow-up, 79 subjects developed hypertension (H group) and 165 subjects remained normotensive (N group). H group subjects had diminished MAVPD (13.873.4 vs 15.073.1 mm; P ¼ 0.007), lower mitral E/A ratio, and longer mitral E-wave deceleration time as compared to N group. In multivariate Cox model MAVPD and mitral E/A ratio predicted the onset of hypertension independent of LV mass index, blood pressure, pre-hypertensive status at baseline, age, sex and body mass index. During follow-up, H subjects experienced a significant decline in MAVPD and mitral E/A ratio, whereas the indices of right ventricular function and LV circumferential shortening remained intact. In conclusion, alterations in LV long-axis systolic and diastolic function, as measured by MAVPD and E/A ratio predict the onset of hypertension. These parameters declined during the development of hypertension.
Introduction
Increased left ventricular (LV) mass and abnormalities of the left LV diastolic function are found in normotensive subjects with family history of hypertension (HTN), suggesting that cardiac involvement may precede the onset of HTN. 1, 2 These early changes may be due to transient increases in peripheral resistance in response to different stressors in subjects predisposed to hypertension. 1 Increased blood pressure and LV mass have been confirmed by prospective studies to predict the onset of HTN. 3, 4 It is less clear whether abnormalities in cardiac function also occur before the onset of clinically manifest HTN. 5 Decreases in LV diastolic function and impairment in the long-axis systolic function appear very early in the course of the disease. 6 Patients who have established HTN may also show decreased circumferential systolic function at the midwall level. 7, 8 The present study is a follow-up study designed to evaluate the possible associations between echocardiographic LV longitudinal and circumferential systolic function parameters along with parameters of diastolic function, and LV structure, to the process of development of HTN in normotensive subjects with family history of HTN. We used echocardiographic M-mode derived atrioventricular plane displacement (MAVPD) to evaluate the systolic longitudinal function, and Doppler parameters derived from the mitral inflow for the evaluation of the LV diastolic function.
Materials and methods
The study included 244 normotensive subjects from an industrial employed population, all with family history of HTN, who were followed prospectively for a mean period of 7.170.8 years (range 4-8 years). The original cohort was selected from 670 consecu-tive patients with a family history of HTN retrieved from the 1995 records of the 5th Medical Clinic, Cluj-Napoca, Romania. Out of the 670 initial subjects, 296 were excluded because of known HTN or clinical, laboratory, electrocardiographic or echocardiographic evidence of coronary arterial disease, arrhythmias, valvular heart disease, congestive heart disease, diabetes (fasting blood glucose of 4126 mg/ dl, or use of hypoglycemic medication), or renal failure (creatinine41.2 mg/dl). Out of the 374 subjects remaining, 349 subjects consented to an initial clinical and echocardiographic assessment and 244 completed the follow up. The remaining 105 subjects failed to complete the study due to loss to follow up/inability to be contacted (n ¼ 48), refusal/ inability to participate (n ¼ 34), or developed diabetes (n ¼ 9), coronary artery disease (n ¼ 9; 3 myocardial infarction, six newly diagnosed angina), congestive heart failure (n ¼ 1), renal failure (n ¼ 1), or died (n ¼ 3) before the development of HTN. The study protocol was approved by the Ethics Commitee of the 5th Medical Clinic. All the participants gave informed consent and were not paid for their participation to the research. Subjects underwent their initial clinical and echocardiographic examination in 1995 and serially on a yearly basis. Blood pressure was measured with a standard mercury sphygmomanometer. Blood pressure measurements were made after each echocardiographic examination. The mean of three separate values taken on the same day was used as the baseline. Blood pressure status was categorized according to JNC 7 criteria as normal, prehypertension, and hypertension. 9 We considered as normotensive, subjects in both the normal and prehypertensive categories. Hypertensive patients also included patients started on antihypertensive medications by their primary physician. History of HTN was considered positive if at least one first-degree or second-degree relative was hypertensive. All echocardiographic measurements were performed by an examiner who was blinded to the blood pressure status and previous echocardiographic results of the subjects. Clinical and echocardiographic parameters from baseline and final evaluations were compared.
The echocardiographic studies were performed using standard echocardiographic equipment performed in both the parasternal and apical windows. All measurements were taken according to the recommendations of the American Society of Echocardiography. 10 The amplitude of the MAVPD and tricuspid atrioventricular plane displacement (TAVPD), respectively, were measured using 2D guided M-mode technique. Four sites were sampled in the mitral annulus plane corresponding to the septal, anterior, lateral and posterior myocardial walls ( Figure 1 ). The average displacement was used for analysis. For the tricuspid annulus one measurement at the lateral site of the annulus was performed. The LV endocardial circumferential fractional shortening was calculated as the systolic shortening of the short-axis divided by the LV internal dimension in diastole measured in parasternal long-axis view.
11
Longitudinal fractional shortening of the left ventricle and right ventricle were calculated as the systolic displacement of the left or right ventricular annului divided by the longitudinal ventricular dimension measured at the end of diastole (Q wave on EKG) from the epicardial contour of the apex to the annulus. For LV, the longitudinal dimensions corresponding to the four sampled annular sites were averaged. The ventricular filling was evaluated using the pulsed wave Doppler recorded at the tip of the mitral and tricuspid valve leaflets. The ratio between peak velocity of early diastolic filling and peak velocity of atrial filling (E/A ratio), and E-wave deceleration time were then determined.
Interobserver and intraobserver variability, expressed as coefficients of variation, were evaluated by analyzing echocardiographic recordings from 15 randomly selected subjects, the measurements being performed by two independent investigators, and by one investigator in two separate occasions, respectively. Interobserver variability for quantification of MAVPD and TAVPD was 6.5 and 7.4% respectively. Intraobserver variability for the same parameters was 4.9 and 5.5% respectively.
Statistical analysis was performed using the STATA v 8.2 statistical package. Continuous variables, expressed as means7s.d., were compared using 
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Student's t-test or non-parametric Mann-Whitney U-tests, where the data did not follow the normal distribution. Correlations were assessed using Pearson coefficients. Categorical variables were compared using the w 2 -test. Because the parameters of systolic and diastolic function are in a great degree influenced by age, [12] [13] [14] for purposes of univariate analysis these parameters were adjusted to an age of 45 years according to the formula adjusted parameter ¼ measured parameter-b (age-45), where b is the coefficient of the linear regression between measured parameter and age. The ability of MAVPD À1 mitral E/A ratio À1 and LV mass index to discriminate between subjects who developed HTN and those who remained normotensive at follow-up was evaluated by receiver operating characteristic (ROC) curves with calculation of areas under the curves (AUC) of sensitivity plotted vs 1-specificity. Values in brackets are the 95% confidence intervals for AUC. KaplanMeier plots and the log-rank test were used to compare the cumulative incidence of HTN in subjects with MAVPDo14 mm to that of subjects with MAVPDX14 mm. To identify the independent predictors of subsequent development of HTN, Cox proportional hazards multivariate regression analysis was performed using the raw data not the data corrected for age. Age was however introduced in the models as a separate variable. Statistical differences were considered significant for a Pp0.05.
Results
During follow-up, 79 subjects (32%) developed hypertension (H group) and 165 remained normotensives (N group). The clinical characteristics of the subjects are presented in Table 1 .
H subjects had at baseline significantly higher body mass index, body surface area, systolic blood pressure, diastolic blood pressure, heart rate, as well as number of first-degree relatives compared with N subjects. On analysis of baseline echocardiographic parameters, H subjects had a lower MAVPD, LV longitudinal fractional shortening, mitral E/A, and higher LV mass index, when compared with the N group (P ¼ 0.007, Po0.001, Po0.001, and P ¼ 0.003 respectively). There was no difference in baseline LV end diastolic diameter, LV circumferential fractional shortening, and right ventricular parameters of systolic and diastolic function between the N and H groups.
The clinical characteristics of the study group were also examined comparatively according to the blood pressure status at baseline (Table 2 ). There were no significant differences in baseline LV mass index, MAVPD, TAVPD, LV longitudinal and circumferential fractional shortening, mitral and tricuspid E/A ratio between subjects who were prehypertensive at baseline when compared with those with normal blood pressure.
At follow-up the cumulative rates of onset of HTN, as shown by Kaplan-Meier curves, were higher in patients with baseline MAVPDo14 mm when compared with those with MAVPDX14 mm (Figure 2 ). Receiver operating characteristics analysis for the ability of baseline MAVPD À1 mitral E/A ratio À1 and LVMI to discriminate between patients who developed HTN and those who remained normotensive during the follow-up period showed AUC values of 0.62 (0.54-0.70), 0.76 (0.69-0.82), and 0.61 (0.54-0.69) respectively. Left
Cox proportional hazards multivariate analysis was used to evaluate the association of the echocardiographic parameters with the onset of HTN, adjusting for presence of prehypertension at baseline, systolic blood pressure, diastolic blood pressure, age, sex, body mass index and heart rate. When controlled for these clinical variables, MAVPD, mitral E/A ratio, LV mass index, and the number of first-degree relatives with HTN independently predicted the onset of HTN (Table 3) .
During the follow-up period, H subjects experienced a decline in MAVPD (from 13.873.5 to 12.172.4 mm; Po0.0001) and LV longitudinal fractional shortening (from 17.073.6 to 15.875.4 mm; P ¼ 0.055), whereas TAVPD, right ventricular longitudinal fractional shortening, and LV circumferential fractional shortening did not change significantly. Subjects in the N group had no significant change in parameters of long-axis function between baseline and follow-up. The magnitude of the decline in MAVPD and LV longitudinal fractional shortening during the follow-up period was significantly greater in H group than in N group (À1.7373.39 vs À0.2173.63 mm; P-value ¼ 0.002 for MAVPD, and À1.1775.38 vs 0.3474.86%; P-value ¼ 0.029 for LV longitudinal fractional shortening). Baseline MAVPD correlated significantly with the change in systolic and diastolic blood pressure during follow-up (r ¼ 0.30, Po0.001; and r ¼ 0.28, Po0.001 respectively) (Figures 3a and b) . Model controlled for presence of prehypertension at baseline, systolic blood pressure, diastolic blood pressure, age, sex, body mass index, and heart rate.
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Discussion
This study is, to the best of our knowledge, the first to show that abnormalities in LV long-axis systolic and diastolic function are present before the onset of HTN and are independent predictors of the development of HTN. MAVPD and mitral E/A ratio predicted the onset of the HTN disease independent of presence of prehypertension at baseline, age, sex, blood pressure, body mass index and heart rate. MAVPD and LV longitudinal fractional function declined during the development of HTN, whereas the indices of right ventricular long-axis function, and LV circumferential fractional shortening remained intact. Mitral annular excursion, which is due mainly to the contraction of the subendocardial layer of longitudinal fibers, accounts for approximately 19% of the total LV volume change in filling or emptying. 15, 16 M-mode determined MAVPD evaluates the systolic function of the LV long-axis, is highly reproducible and simple to perform, 12 and correlates with LV ejection fraction. [17] [18] [19] Longitudinal systolic function assessed by M-mode echocardiography is decreased in hypertensives with left ventricular hypertrophy, whereas alterations in long-axis contraction occur early in HTN as assessed by tissue Doppler analysis. 6, 8 These findings suggest that alterations in subendocardial myocardial function are present early in the pathogenesis of the hypertensive disease. Abnormalities in LV longitudinal function were present before the onset of clinically manifest HTN in our population, independent of LV mass index, and worsened during follow-up. Conversely, RV longitudinal function remained intact leading to an imbalance between left and right ventricular longitudinal contraction in the early stages of HTN.
Although the present study found a statistical difference in MAVPD at baseline between the H and N group, the effective difference is small (1.2 mm between the two mean values), and the ability of MAVPD, as assessed by ROC analysis, to discriminate patients who will develop HTN from the rest of the population seems relatively low.
As seen previously, parameters of LV circumferential function did not predict the onset of HTN. 5 Abnormalities in the circumferential systolic function at midwall level were found in HTN, 7, 8 but these seem to occur after the onset of diastolic function abnormalities. 20 Our study did not find abnormalities in the endocardial fractional shortening before and during the onset of HTN.
Abnormalities in LV diastolic function are also commonly found in the early stages of HTN before the development of LV hypertrophy. In a 5-year follow-up study of normotensive offspring of HTN parents, abnormalities in diastolic function parameters were found before the development of increased LV mass in the patients who subsequently developed HTN when compared with the matched controls. 21 Furthermore, abnormalities of LV diastolic function are present in normotensive subjects with family history of HTN, suggesting that impairment of diastolic function may appear early, before or during the process of HTN onset. 2 Our study identified mild abnormalities of LV diastolic function parameters as a predictor for the development of HTN. These abnormalities occurred along with those of the LV longitudinal systolic function and slight increased LV mass index. There is recent data that 'pure' diastolic dysfunction may be a misnomer, as a degree of systolic dysfunction involving longaxis function is frequently found in conjunction with diastolic abnormalities. In patients with diastolic heart failure and evidence of left ventricular hypertrophy, there is evidence of LV systolic impairment as measured by myocardial tissue Doppler imaging in the longitudinal axis. 22 The mechanism of the association of abnormalities in longitudinal systolic and diastolic function is not clear. Recently, Poulsen et al. 23 demonstrated a significant association between the extent of myocardial fibrosis, as assessed by the plasma concentrations of the Left ventricular long-axis function predicts hypertension D Blendea et al amino-terminal propeptide of type III procollagen, and reduced LV longitudinal systolic strain by tissue Doppler echocardiography in HTN subjects. Impairment of longitudinal systolic function and increased levels of this serological marker of fibrosis were most pronounced in patients with abnormal LV diastolic filling. These results suggest that increased fibrillar collagen deposition with a degree of perivascular fibrosis in the subendocardial layer affects both the diastolic and contractile properties of the longitudinal myocardial fibers. Abnormalities of LV diastolic function likely explain our finding of a significant increase in LA diameter from baseline to follow-up in subjects who developed HTN. LA size has been identified previously as a marker of the burden of diastolic dysfunction, which in turn relates to the risk of cardiovascular events. 24, 25 We have demonstrated that alterations in LV systolic longitudinal function and diastolic function appear before the onset of clinically manifest HTN and predict the development of HTN independent of LV mass index. Earlier studies have identified various predictors of HTN onset including increased baseline blood pressure, increased heart rate, impaired glucose tolerance and decreased insulin sensitivity among others. 3, 4, 26, 27 All these are also encountered, but in a greater degree, in patients with clinically manifest HTN. A possible explanation for the presence of all these abnormalities before the onset of HTN, as defined by a discrete blood pressure value, is that HTN does not appear suddenly in a moment in time defined by certain blood pressure criterion, but is a continuum that takes at least several years to develop in a predisposed subject (in our case subjects with a genetic predisposition to HTN). In early stages, alterations in myocardial structure and function begin to manifest, culminating later as clinically evident HTN as defined by blood pressure parameters. The results of our study would suggest that markers of subtle LV diastolic and long-axis systolic dysfunction could be used in conjunction with the blood pressure values to better identify subjects in whom the pathogenetic process of HTN is already triggered, who could benefit from earlier preventive/ therapeutic measures.
One of the limitations of this study is that early hypertension, undetected at the initial blood pressure evaluation, might have been present in some of the subjects, and might have contributed to the LV dysfunction observed in the H group. The subjects of our study were a relatively homogenous Caucasian population, all with family history of HTN, and had a high incidence of HTN during the follow-up period (32% over 7 years). A family history of HTN is associated with higher LV mass index and abnormalities in diastolic function, which were likely present in our subjects.
1,2 However, the study compared subjects from the same population and found differences between those who did and did not develop HTN. MAVPD is a parameter, which evaluates mostly the systolic function of the longitudinal axis, and correlates with other systolic function parameters. However, early diastolic filling influences MAVPD. 28 Systolic MAVPD, which was recently proposed as an index that might give a more accurate estimation of the true systole, as well as tissue Doppler evaluation of long-axis systolic function were not utilized in our study. 29 The findings in this study demonstrate that alterations in LV systolic long-axis and diastolic function, as measured by MAVPD and E/A ratio, predict the onset of HTN. These parameters declined during the development of HTN, whereas the indices of right ventricular systolic long-axis and diastolic function and LV circumferential fractional shortening remained intact. Evaluation of cardiac structure and function, in addition to blood pressure measurements could improve the identification of those subjects in whom the pathogenetic process of hypertension is already triggered.
